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DUAL-ROTOR MOTOR HAVING HEAT
DISSIPATION

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a 35 U.S.C. 371 National Stage Appli-
cation of International Application No. PCIT/EP2010/
001382, filed Mar. 5, 2010, claiming priority from German
Patent Application No. 102009 011 383.3, filed Mar. 3, 2009,
the entire contents of which are incorporated herein by refer-
ence 1n their entirety.

The present mmvention relates to a double rotor motor
according to the preamble of claim 1.

PRIOR ART

With powerlul electrical machinery there 1s the problem of
heat dissipation of the power loss from the excitation or field
coils. In generators i1t 1s known to provide a central fan impel-
ler, which serves for air cooling. Also, generators with water
cooling 1n the stator housing are known. Both are described 1n
the Bosch Handbook (Edition and ISBN No. to be specified).

A cooling by convection or heat dissipation via the genera-
tor mounting 1s generally not suificient.

With even more powerlul electrical machinery, such as for
example engines for hybrid or electric vehicles, water cooling
1s used for heat dissipation, in which suitable water circula-
tions are provided in the housing. This so-called waste heat 1s
also used for vehicle heating.

From WO 2004/004098 a double rotor motor 1s known, 1n
which a fan blade 1s arranged on the front of the rotor facing,
towards the housing. These fan blades do not generate a
targeted tlow of air. However, 1t appears to be suilicient for the

non-directed tlow of air for the washing machine application
in which the motor disclosed 1n WO 2004/004098 1s used.

OBJECT AND IMPLEMENTATITON OF TH.
INVENTION

(L.

The object of the present invention 1s to provide a double
rotor motor with a good heat dissipation so that the motor can
be used for relatively high power outputs.

This object 1s achieved according to the invention with a
motor having the features of claim 1. Advantageous embodi-
ments are disclosed by the features of the subclaims.

It 1s known that the efficiency depends to a large extent on,
among other things, the power loss of the excitation coil and
also the temperature, 1.¢. the heat dissipation. For example, a
rise in temperature of 50° corresponds to an increase in the
coll power loss of around 20%. Theretfore, especially for
clectrical machinery of high outputs power, solutions are
required by means of which the physically optimum heat
removal can be achieved.

In double rotor motors there 1s the problem that the exci-
tation coil and yoke 1s self-supporting, and a good heat dis-
sipation to the housing 1s possible only through the side or
surface of the excitation coils facing towards the housing. For
all the remaining five surfaces of the excitation coils there 1s
only the possibility of convection, resulting 1n a large tem-
perature drop and also an accumulation of heat.

To solve this problem the invention proposes that either a
targeted flow of air via a plurality of fan blades or fans 1s
generated, or additionally water cooling 1s provided in the
housing. Most effective are water channels that surround the
coil and are connected to channels 1n the housing. For this
purpose various embodiments are possible. The ventilation
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2

and water channels can be realised particularly simply and
inexpensively 1t these are either cast, or preferably injection
moulded, into the support structures between the excitation
coils. To produce and seal these channels the support structure
can be closed on the outside by means of a cover. The inflow
channel 1s thereby connected to the return channel. This cover
advantageously also increases the rigidity of the support
structure and can optionally also be reinforced with an exter-
nal reinforcement, such as for example ribs or reinforcing
clements. The cover can be omitted 1 a U-shaped tube or
profiled section 1s cast or injection moulded.

The electrical control unit also requires good heat dissipa-
tion. Preferably the control unit 1s connected 1n a thermally
conducting manner to the housing cooled by the water cool-
Ing system.

Various possible embodiments are described 1n more detail
heremnafter with the aid of the accompanying drawings, in
which:

FIG. 1: shows the basic structure of the double rotor motor
with air and water cooling;

FIG. 2: shows the yokes with excitation coils as well as
water channels integrated 1n the double-T supports;

FIG. 2a: shows the intlow and outflow of the water chan-
nels:

FIG. 3: shows an expanded T-support structure with water
channels at the top and bottom:;

FIG. 3a: 1s an alternative form of the intlow and outtlow of
the cooling water.

FIG. 1 shows the basic structure of a double rotor motor
with housing 1, bearing 10, rotor shait 9, flange 8 and double
rotor 2, which comprises permanent magnets 3. A support
structure 6, which also surrounds yoke 4 and excitation coil 5,
1s injection moulded 1n the housing 1. The support structure 6
extends 1n the radial and axial directions between 1n each case
two adjacent yokes 4 and excitation coils 3 and 1s anchored in
recesses of the housing 1. The anchoring 1s formed 1n the
injection moulding process, 1n which the ijection moulding
compound 1s cast 1nto the recesses and around the yoke and
excitation coils.

Part of a section through the motor 1s shown 1n FIGS. 2 and
3. The coil 5 1s connected 1n a known manner via magnet wire
11 to a punched mesh 12, on which all magnet wires make
contact. A connection pin leads to the printed circuit board 17
of the ECU. Water channels, which are described in more
detail hereinaftter, are provided 1n the housing.

FIG. 1 shows the air feed for cooling the excitation coil. Air
stream L1 1s generated by a fan impeller 8 connected to the
rotor 2, 2a, 2b, the air stream from the fan impeller being
guided through recesses 7 and rib structures provided to
increase the surface area, and cools the front side of the
excitation coils 5. Two further air streams 1.2 and L3 are
generated by blades 14 between the magnets 3 of the outer
and 1nner rotor 2a, 2b and guide the cooling air onto and past
the outer poles 4a, 46 of the yokes 4 with excitation coils 5
located underneath. The heat from the excitation coils S con-
nected to the housing 1 1s conducted directly mto the housing
1 and dissipated externally through its cooling water channel
25. In this way heat from the whole surface of the coil 5 1s
dissipated.

Also, the power section of the motor ECU needs to be
cooled. It 1s possible to utilise the water-cooled housing, the
power section preferably being screwed onto the web 18 of
the housing 1. This web 1s preferably located 1n the immediate
vicinity of the cooler intlow channel.

FIG. 2 shows a further very effective solution for the heat
dissipation. Here, a water channel 20 1s provided 1n the sup-
port structure 6 of the yokes 4, which feeds the water via 20a
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and removes the water via 20b. A side view of this embodi-
ment 1s 1llustrated 1n FIG. 2a. This shows the intlow into the
support structure 6, which 1s imjection moulded or cast
directly into the housing 1. A cover 21 with seal 22 serves for
turther guidance of the cooling water into the adjacent sup-
port structure 6. This cover 21 can at the same time serve as
external reinforcement with an additional structure for the air
cooling, corresponding to FIG. 1.

In FIG. 3 the water channels 20a, 205 are arranged at the
top and bottom 1n an annular support structure 23, 24. This
support structure surrounds both yoke teeth 4 and 1s charac-
terised by a particularly high rigidity 1n both the tangential
and radial directions. A side view of the feed from the water
channel 20aq and drainage into the channel 205 1s shown 1n
FIG. 3a. The housing 1 must for this purpose be in two parts,
namely the housing parts 1a and 15. Since pressurised water
1s used, the channels 20q, 205 must be sealed. For the same
reason the cover 21 1s secured to the support structure 23 by
rivets 27. The magnet wires 11 for the connection to the
punched mesh are led through the housing. To avoid the cover
21, a U-shaped tube 24 for conveying the water can also be
injection moulded or cast into the support structures 6, 19.

This can also have a profile especially adapted to the sup-
port. The advantage of the tube 1s that 1n addition to dispens-
ing with the cover, no particular measures have to be taken 1n
the 1njection moulding process to ensure hermeticity.

The embodiments show that, with little effort and expen-
diture, good thermal conduction can be achieved by air or
water cooling or additionally by both. This provides the basis
for an unusually compact motor with a high output and very
good elficiency.

LIST OF R

L]
M

ERENCE NUMERALS

1 Housing

1a Outer housing

156 Inner housing

2 Double rotor

3 Permanent magnets

4 Yoke

5 Excitation coil

6 Support structure

6a Support structure with water channel 1n the middle
65 Support structure with water channel at the top and bottom
6¢ External reinforcement

7 Recesses for air tlow

8 Rotor tlange

9 Rotor shaft

10 Shatt bearing

11 Magnet wire

12 Pressed screen/punched mesh

13 Connection pin

14 Fan blade between the magnets

15 Fan blade on the 1inner rotor

16 ECV housing

17 Printed circuit board

18 Heat dissipation from the printed circuit board and power
part to the housing,

19a Double T support, inner

20a Water channel 1nlet

20b Water channel outlet

21 Cover and outer reinforcement
22 Seal
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23 Annular support structure

24 Tube

25 Water channel 1n the housing
26 Connecting channel

27 Rivet

L1 Air stream 1

[.2 Air stream 2

[.3 Air stream 3

The mvention claimed 1s:

1. An electric motor comprising:

a pot-shaped outer rotor;

an inner rotor; and

a stator configured to carry excitation coils, wherein the

stator 1s formed as a hollow cylinder and engages 1n the
outer rotor and 1s connected with 1ts front face to a
housing or to a part of the electric motor fixedly con-
nected to the housing, the stator comprising yokes con-
tamning the excitation coils and supports arranged
between the yokes;

wherein the electric motor has a water cooling system and

an air cooling system, wherein the water cooling system
1s configured to cool the excitation coils, the housing, or
both;

wherein the supports comprise at least one channel for

water cooling 1n a region between adjacent pole shoes of
the yokes, the at least one channel including an inflow
channel, a return channel, and a connecting channel
configured to connect the inflow channel and the return
channel.

2. The electric motor according to claim 1, wherein the
clectric motor comprises at least one fan impeller or fan blade
arranged on the rotor.

3. The electric motor according to claim 1, wherein the
cooling channels are formed by a casting process or injection
molding process by suitable shaping of the mold or by nsert
parts 1n the mold.

4. The electric motor according to claim 1, wherein the
connecting channel 1s formed by a bent tube or hose.

5. The electric motor according to claim 1, further com-
prising a cover arranged on the stator to form the connecting
channel between the stator and the cover.

6. The electric motor according to claim 1, wherein the
housing comprises channels through which cooling water
flows.

7. The electric motor according to claim 1, wherein a
control unit 1s arranged 1n or on the housing.

8. The electric motor according to claim 1, wherein at least
one of the yokes 1s of double T-shaped cross-section.

9. The electric motor according to claim 7, wherein the
control unit 1s integrated in or on the housing.

10. The electric motor according to claim 3, wherein the
inflow channel and the outflow channel enter and exit, respec-
tively, the support on one side of the stator, and wherein the
cover 1s arranged on the stator to form the connecting channel
between the intflow channel and the return channel on the one
side of the stator.

11. The electric motor according to claim 3, wherein the
cover 1s attached to one side of the support.

12. The electric motor according to claim 11, wherein the
cover 1s attached to the support using at least one insertable
fastener.
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